ABSTRACT. Persistent infection with human papillomavirus (HPV) has been recognized as the main etiological factor of morbimortality in cervical cancer. Several factors have been associated with the development of cervical disease, but viral load has recently been proposed as an indicator of cervical neoplasia. Therefore, a single measurement of viral load could be a suitable biomarker. We examined HPV viral load as a prognostic biomarker of cervical neoplasia. We used cervical scrapes to determine the total HPV viral load of 46 Mexican patients with various stages of cervical intraepithelial neoplasia (CIN) using hybrid capture assay coupled with a quantitative polymerase chain reaction method for cellularity estimation. Viral load values of CIN2 and CIN3 samples were compared with samples without cervical 4721 ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 11 (4): 4720-4727 (2012) HPV viral load as a cervical disease prognostic factor pathology (WP); all values of viral load were normalized by number of cells analyzed. The analysis showed significant differences in viral load between CIN2 and WP samples (P = 0.01) and between CIN3 and WP samples (P = 0.02). By contrast, no significant difference was detected between viral loads in CIN2 and CIN3 samples. The results showed significant difference between viral loads in CIN2 and CIN3 samples and that in WP samples. HPV viral load was significantly different between patients with CIN2-CIN3 and those with WP and can be used as a predictor of lesions.
INTRODUCTION
Persistent infection with human papillomavirus (HPV) is the major etiological factor of morbidity and mortality in cervical cancer and the second most frequent malignant tumor of women worldwide (Seaman et al., 2010) . Infection with high-risk HPV (HR-HPV) is the key event in the development of cervical cancer and its precursor lesions, known as cervical intraepithelial neoplasia (CIN). HR-HPV types (including are associated with more than 99% of all cervical cancers as well as with high-grade CIN (CIN2-3) and abnormal Papanicolaou test (Pap) results. Low-risk HPV types are responsible for additional abnormal Pap test results and almost all cases of genital warts (Winer et al., 2003; Boulet et al., 2009; Hesselink et al., 2009; Seaman et al., 2010) .
The involvement of several factors in the development and progression of cervical disease has been described, the main factors being HR-HPV and the constant burden of HPV, which is approximately 50-100 viral copies, inside the cell (McMurray et al., 2001; Javier and Butel, 2008 ). Recent studies have described viral load as an effective diagnostic and prognostic marker for CIN (Castle et al., 2005; Moberg et al., 2005; Lillo and Uberti-Foppa, 2006; Fiander et al., 2007; Boulet et al., 2009; Hesselink et al., 2009 ). On the spectrum of cervical disease, CIN2 and 3 are considered cervical cancer precursors. Several studies have consistently reported that the persistence of HR-HPV in the genital tract is necessary for the development and progression of cervical dysplastic lesions (Ho et al., 1995; Remmink et al., 1995; Nobbenhuis et al., 1999; Briolat et al., 2007; Xi et al., 2008; Sargent et al., 2010) . Conversely, high-grade squamous intraepithelial lesions were shown to be unlikely to develop in HR-HPVnegative women in a 2-year follow-up cohort, and smears showed that mild or borderline cell atypia returns to normal (Nobbenhuis et al., 2001; Zielinski et al., 2001) .
Because persistent HR-HPV infection is the major risk factor for cervical carcinoma and considering the sensitive and reproducible methods available for HR-HPV DNA, HR-HPV status could be part of the screening and management of women at risk for progression to CIN2, CIN3, or worse (Briolat et al., 2007) . However, the use of HPV testing combined with cervical cytology to detect cervical cancer or its precursors is still controversial and insufficient (Cain and Howett, 2000; Fiander et al., 2007; Boulet et al., 2009; Hesselink et al., 2009; Grce et al., 2010) . Given the positive relationship between viral load and the likelihood of persistent HPV infection and the strong association between the latter and the risk of cervi-cal neoplasia, a single measurement of viral load in cervical specimens may be a suitable biomarker (Schlecht et al., 2003; Boulet et al., 2009) . Studies have identified HPV viral load as a biomarker for cervical lesions in women and evaluated the predictive association of viral load and the incidence of cervical cancer precursors Ylitalo et al., 2000; Clavel et al., 2001; Fiander et al., 2007; Boulet et al., 2009; Hesselink et al., 2009 ). Contrary to hepatitis C or human immunodeficiency virus viral load assessment, the interpretation of the measured load of HPV in cervical specimens is difficult owing to the variable exfoliated cell content of each sample, which depends on the resistance of the epithelium to abrasion and other physiological conditions. The controversial results of HPV viral load estimations may be explained by the lack of normalization with an externally validated method of the number of studied cells in the samples. In this study, we report a comparison of cell-normalized HPV viral loads of patients with a clinical diagnostic of CIN2 and CIN3 and patients without cervical pathology (WP).
MATERIAL AND METHODS

Study population
A cross-sectional survey was conducted at the dysplasia clinic of the Instituto Mexicano del Seguro Social Zone General Hospital 45. Women aged 18 years or older who had not had a hysterectomy and were not menstruating or pregnant at the time of the analysis were considered for this study. Conventional colposcopic examination and a structured questionnaire including socio-demographic status, sexual activity, history of sexually transmitted infection, obstetrical and gynecological history, and risk factors for cervical cancer were performed. The study was approved by the Local Ethics Committee.
Clinical samples
Cervical samples from 46 Mexican patients were collected in DNA collection devices (QIAGEN, Gaithersburg, MD, USA). The colposcopist collected a cervical scrape from each patient using a cytobrush and stored the samples for HPV testing with the DNA cervical samples. The cytology results were classified according to the Bethesda system (2001), and the histopathological analysis determined the grade of CIN. The samples were classified in CIN2, CIN3, and WP.
Molecular analysis
Cells were pelleted through centrifugation and resuspended in lysis buffer (10 mM Tris, 1 mM ethylenediaminetetraacetic acid, 200 μg/mL proteinase K) for a 12-h digestion at 56°C. Digestion was followed by the inactivation of proteinase K and a 10-min incubation at 95°C. Polymerase chain reaction (PCR) amplification [with consensus primers for the HPV-E1 open reading frame as reported by Mendizabal-Ruiz et al. (2009) ] was performed to determine the positivity to HPV in each sample. HPV DNA detection was performed with a Hybrid Capture 2 System (HCIIS; Digene, Gaithersburg, MD, USA). All scrapes were analyzed for the global presence of the 13 most common HR-HPV types. Samples were classified as positive for HR-HPV DNA if the relative light unit (RLU) reading obtained from the luminometer was equal or greater than the mean value of a triplicate of positive controls supplied with the HCIIS kit.
HCIIS was used to determine the total viral number, and the interpretation for each result was presented in RLU values that were converted into a ratio to the cutoff value (1 pg/ mL). Specimens with a ratio of <1.00 were considered to be negative, and those with a ratio of ≥1.00 were considered to be positive because they contained at least 1 pg/mL HPV DNA, equivalent to 100,000 HPV copies/mL or 5000 HPV copies/assay (Sargent et al., 2010) .
Quantification of HPV viral load
Because the addition of a known amount of DNA to each PCR is impractical for a large series of clinical samples, our approach included normalization for sample cellularity via a quantitative PCR melting curve of the human glyceraldehyde 3-phosphate dehydrogenase gene to obtain a number of cells per sample. The human glyceraldehyde 3-phosphate dehydrogenase gene DNA load was determined with real-time PCR assay on a LightCycler instrument (Roche Diagnostics, Mannheim, Germany) in separate reactions to quantify the number of HPV copies and the number of cells. The LightCycler assays and the primers and probes were from a LightCycler t(9;22) quantification kit (Roche Molecular Biochemicals, Penzberg, Germany). The data were normalized using this formula: Viral load = antilog [log (RLU x 5000) / log (total No. of cells)]
Statistical analysis
Data analysis was conducted for medians and parametric and non-parametric tests for proportions. We also performed a mean test comparison for independent samples for each group. The Levene test was carried out to assess the equality of variance between samples. Subsequently, one-way analysis of variance was performed to identify differences between the variances of the groups. Finally, we used the Dunnett T3 post hoc analysis to identify statistically significant differences between the groups. The statistical analysis was obtained using PASW statistic 18 (SPSS, Inc., 2001, Chicago, IL, USA; www.spss.com).
RESULTS
A total of 46 women were referred by clinic staff to participate in the study. The sociodemographic and reproductive characteristics of the study population were analyzed, and the samples were grouped, based on the cytology results according to cervical cytology, as WP versus CIN2 and CIN3. The 46 cervical scrapes of each patient were processed to identify which type of HPV caused the infection, and the viral load was estimated. We compared the WP samples with the samples with cytological abnormalities.
DNA was extracted, and the identification of HR-HPV and low-risk HPV using HCIIS and PCR-restriction fragment length polymorphism was performed. A total of 31 HPV DNApositive samples displayed infection with HR-HPV (67%), 41% were positive for HPV-18, and 39% were positive to HPV-16; 13 samples (42%) displayed co-infection with different HPV strains.
The determination of the HPV viral load after the quantification with quantitative PCR and the normalization of the results (previously showed) present a trend of grouping by type of lesion or cytological lesion in three patient groups: WP, CIN2, and CIN3. Some results exhibited statistical dispersion. The results are illustrated in Figure 1 . The results for the patients with cervical intraepithelial neoplasia grade two (CIN2) and cervical intraepithelial neoplasia grade three (CIN3) showed a similar distribution, their mean average were 1426.33 and 2298.37, respectively; in CIN3 the values of HPV viral load are greater than the results shown for the patients with CIN2. Moreover, the patients with CIN2 or CIN3 present statistical dispersion of the data. o 2 = data were above two standard deviations; * 2 = data were above three standard deviations.
Means and standard error of the number of HPV viral copies per cell are shown in Table 1 . The Levene test (7.49, P = 0.002) was performed, and the null hypothesis of equal variances was rejected, leading us to conclude that a statistical difference existed between the variances. Therefore, we modified the procedures used to eliminate the assumption of equality of variance. One-way analysis of variance presented a significant intergroup difference (P = 0.000012) but no intragroup difference. Because the difference was at the intergroup level and the variances were unequal, the T3 of the Dunnett test demonstrated the differences within these groups. The analysis showed significant differences between WP and CIN2 patients (P = 0.001). Moreover, significant difference was found between WP and CIN3 patients (P < 0.001). The comparison of CIN2 and CIN3 showed no significant differences (99% of confidence). The results are illustrated in Table 2 . The data obtained showed significant differences in distribution between CIN2-3 and WP.
DISCUSSION
Research has shown that HPV viral load is associated with CIN grade (Xu et al., 2009) . Reports of the association between viral load and the risk of developing severe CIN suggest that high viral load plays an important role in the development of cancer (Moberg et al., 2005) . These results agree with ours, which showed that the increment of HPV viral load corresponded to lesion grade. Viral load was constant along the pathological process, as previously described (McMurray et al., 2001 ). However, we must consider that the constant number of viruses is within the cell; our assay estimated viruses within and outside of the cell.
The possible use of the HPV viral load to predict lesion grade and the evolution of dysplasia have been proposed by others Ylitalo et al., 2000; Sun et al., 2001 Sun et al., , 2002 Schlecht et al., 2003; Andersson et al., 2005; Fiander et al., 2007; Boulet et al., 2009; Hesselink et al., 2009) , and the results have been controversial in that the measurement of HPV viral load is not validated for clinical use and, therefore, the clinical relevance of HPV viral load measurement has not been properly evaluated (Lorincz et al., 2002; Castle et al., 2004; Andersson et al., 2005; Wensveen et al., 2005; Grce et al., 2010) . However, HCIIS is a proper method (U.S. Food and Drug Administration approved) for a clinical approach and offers easily reproducible results (Castle et al., 2008) . It has also been validated with external evaluations through proficiency testing with HPV surveys offered by the College of American Pathologists. Because HCIIS gives an absolute semi-quantification of viral count, normalization with the number of exfoliated cells must be carried out. The reported association between neoplasm size and viral load may be related to the number of infected cells analyzed, which appears to be increased in samples from patients with widely affected tissue areas. The asso- ciation between viral load and the risk of developing cervical cancer may be caused by different standardizations and normalizations of the absolute number of viral copies in a sample as well as by different grouping criteria (i.e., CIN1 vs CIN2 or CIN1 vs CIN2-3). These differences might explain the variability in results among reports. The importance of homologous methods in the normalization of data is clear, and the normalization proposed herein can be used with good approximation to the actual viral load in the samples. According to our results, 67% of patients infected with HPV-HR were infected with viral genotypes 16 and 18 (80%), and the patients with co-infection had one or both of these genotypes (data not show). Further, we observed a significant increase between the WP means compared with those of CIN2 and CIN3 samples (WP vs CIN2, P = 0.001; WP vs CIN3, P < 0.000, 99% confidence), but no significant difference was observed in a comparison of the degrees of lesions. Figure 1 shows a dispersion of values in the CIN2 samples in which some samples displayed an even greater number of viral copies per cell than that in CIN3. This result can be explained by the frequent misclassification of lesion grade in samples (Briolat et al., 2007) . The CIN2 grade has the highest level of misclassification owing to variability in interpretation by the observer; CIN2 can represent the spectrum of late CIN1, CIN2, or early CIN3 (Briolat et al., 2007; Xi et al., 2008) ; true CIN2 is thought of as an early phenotype of high-grade CIN, a true cervical precancerous lesion (Einstein, 2008) .
The results obtained in this study should be interpreted with some caution mainly because the number of samples is low.
The results led us to propose that HPV viral load can serve as a biomarker for lesions and may be useful for predicting the evolution of CIN. The detection of HR-HPV DNA can be a routine screening tool combined with or even instead of cytology. Additionally, we consider that a patient with Pap test results of undetermined significance and a viral load above 1000 viral copies per cell will present a severe dysplasia and, therefore, a value below 1000 viral copies per cell could lead to a CIN1, with the possibility of spontaneous reversion or even no cervical lesion.
